Introduction
The order Onygenales sensu lato . encompasses a number of medically important species including dermatophytes and some non-dermatophyte pathogens that are naturally isolated from keratinous substrata (nests, animal burrows, carnivore dungs), soil and sediments [1, 2] . Molecular studies revealed that dimorphic fungal pathogens such as Coccidioides , Paracoccidioides , Histoplasma , Blastomyces Confi rmation criteria are more complex for diagnosis of onychomycosis caused by NDFF and involve at least two consecutive nail samplings with positive direct microscopy and culture [10] .
In this paper we present the fi rst cases of suspected or proven onychomycosis associated with onygenalean genus Auxarthron which has been considered as non-pathogenic for humans. We also determined the susceptibility pattern to a wide spectrum of antifungals. Distinct morphological and also genetic characteristics justifi ed the proposal of a new species within the genus Auxarthron .
Patient 1
A 26-year-old male presented with a bilateral infection of fingernails in September 2011. All of the fingernails were affected with the most significant changes visible on the nail plates of the first, second and third fingers. The nails were thickened by hyperkeratosis, friable, deformed and with yellow-green discoloration (Fig. 1A , B). The patient first noticed the changes in the fingernail plates in August 2009 following a period during which he worked as a volunteer fireman during floods in the Moravian-Silesian region (May and June 2009). He stated that almost all fingernails were affected simultaneously and described the nail plates as thickened and friable. From September 2009 to November 2009, the patient underwent unsuccessful three-monthly cycles of one-week pulse therapy with itraconazole as described by De Doncker et al . [11] without previous mycological examination.
The patient has been under dispensarization since October 2011 due to psoriasis vulgaris that appeared for the fi rst time in May 2009. The family history was also positive for psoriasis. The psoriasis was treated initially with topical corticosteroids (scalp psoriasis: topical oil fl uocinolone acetonide 0.01% or lotion containing betamethasone dipropionate 0.05% and salicylic acid 3%; psoriasis on the trunk and on other body parts: ointment containing triamcinolone acetonide 0.1% and chloroxine). The treatment was intermittent and reduced at the time of manifestation. Due to the extensively affected skin of the trunk, scalp and fulfi lment of other criteria, the patient underwent biological treatment between October 2011 and February 2012 (double-blind study, active substance and dosage are unknown). Subsequently, the treatment was stopped as no improvement was seen. A dose of 300 mg of oral cyclosporine in three divided doses per two days was administered, after one week of therapy the dose was reduced to 100 mg per day for a period of 25 days; subsequently the dose was reduced to 100 mg every other day. Twelve weeks after beginning treatment, the cyclosporine therapy was discontinued due to elevation of plasma uric acid concentration.
The patient was also under observation due to elevated liver enzymes, plasma cholesterole and triacylglycerols. A signifi cant improvement of liver function tests was achieved by a lifestyle regime change without medication therapy. The patient was otherwise healthy and was not taking any other medication on a regular basis. The working history was insignifi cant.
The mycological examination was performed in October 2011. All fi ngernails were sampled and samples pooled. Direct microscopy was negative in the fi rst sampling (20% KOH with Parker ink). Material from nail scrapings was inoculated onto two slants of Mycosel agar (Becton, Dickinson and Company; containing 400 mg/l of cyclohexinide) and one slant of SGA (Sabouraud glucose agar) at 26 ° C. Growth of a sterile orange-colored fungus tolerant of cycloheximide was observed on all three slants in pure culture. The mycological examination was repeated in February 2012. Nail scrapings were collected from all fi ngernails and handled individually. Direct microscopic examination as well as cultivation of the same orange-colored sterile fi lamentous fungus (the isolate was stored and observed for 2 months) was simultaneously positive from the fi rst and fourth right fi ngernails and fi rst and fourth left fi ngernails. The KOH mounts 
Material and methods

Cultivation and morphology
Isolates from each case were grown on a set of media including MEA (malt extract agar; Oxoid), SGA [12] , PDA (potato dextrose agar; Roth), PCA (potato carrot agar; [12] ) and OA (oatmeal agar; Oxoid). A second set of the same media was supplemented by sterilized chicken feathers placed on the medium surface. Plates were incubated at 25 ° C in the dark and checked weekly for 3 months. Color determination of colonies was performed according to the ISCC-NBS Centroid Color Charts (Foster, J. C., 2004; http://tx4.us/nbs/nbs-1.htm). Growth at 32, 35 and 37 ° C was tested on MEA and evaluated after two weeks. The micromorphology of the cultures was observed in Melzer ' s solution. Scanning electron microscopy (SEM) was performed using a JEOL -6380 LV scanning electron microscope (JEOL Ltd, Tokyo, Japan). Pieces of colonies growing on PCA (5 ϫ 5 mm) with ascomata were fi xed and observed using setting described by Hubka et al . [13] .
Additional isolates
The isolates of A. umbrinum CCF 3835 and 3968 (both isolated in 2008) were associated with cases of suspected onychomycosis of the right great toenail in 29-year-old and 54-year-old woman, respectively. In both cases the direct microscopic examination of the nail scrapings in 20% KOH showed irregular, septate and hyaline hyphae, and growth of sterile orange-colored fungus was observed in pure culture. The etiological signifi cance of isolates could not be confi rmed because the patients did not appear to re-inspection.
Preservation of isolates
All strains were deposited into the Culture Collection of Fungi (CCF), Department of Botany, Charles University in Prague, and were designated as stated in Table 1 . The type isolate of A. ostraviense was also deposited into the Centraalbureau voor Schimmelcultures (CBS), Utrecht, The Netherlands as CBS 132919.
Molecular analysis
DNA isolation and PCR conditions used for amplifi cation of the ITS region and the partial benA gene were as described by Hubka et al . [14] . The partial RPB2 gene was amplifi ed using primers and PCR conditions described by Nováková et al . [15] . PCR product purifi cation and sequencing were performed at Macrogen Europe (Netherlands, Amsterdam) using terminal primers. revealed irregular septate hyphae. Both microscopy and cultivation were negative in all other fi ngernails. The identical ITS region sequence of both strains (isolated in 2011 and 2012) confi rmed isolation of the same fungus in two consecutive visits.
Despite the confi rmed non-dermatophyte onychomycosis, the patient has not been given further antifungal therapy due to elevated liver enzymes. Systemic terbinafi ne treatment is planned after stabilization of the liver function tests.
Patient 2
A 36-year-old male presented in June 2010 with a suspected onychomycosis of the right great toenail. The entire nail plate of the right great toenail was affected. Hyperkeratosis and intensive yellow discoloration on the free edge of the nail plate, as well as near the lateral nail fold was present. The nail bed showed conspicuous infl ammation. The second and fi fth right toenails showed onychodystrophy.
The patient fi rst noticed color changes in the distal part of the nail plate 10 years ago. He often took part in hiking trips, was an active football player, and travelled to European countries and the Caucasian region. He described numerous prior nail traumata. The nail changes progressed slowly and spread from the distal part of the nail plate proximally.
The patient regularly takes anticoagulation therapy (warfarin) to prevent clot formation (Leiden mutation was detected). The patient uses sulfasalazine and occasional analgesic therapy. No signs of psoriasis have been present in the patient despite a positive family history.
Scrapings from the nail plate examined in 20% KOH with Parker ink revealed hyphae suggestive of a nondermatophytic mold (June 2010). Scrapings were inoculated onto two slants of SGA and one slant with Mycosel agar and incubated at 25 ° C. Profuse growth of a sterile orange-colored fi lamentous fungus with intensive red reverse color was observed. The fungus tolerated cycloheximide in the medium.
A daily dose of 250 mg of oral terbinafi ne was administered. During the subsequent visit (December 2010) after 10 weeks of treatment, an uncolored band was present proximally on the nail, and the treatment was extended. Nail bed infl ammation was also evident. After six months of oral antifungal therapy, the nail bed infl ammation disappeared, but the nail lamina of the right great toenail remained affected. Persistent hyperkeratosis and yellow discoloration were present (Fig. 1C) . Mycological examination was repeated in May 2011. Direct microscopical examination was again positive for hyphae although cultivation was negative.
The sequences were inspected and alignments were performed as described by Hubka and Kola ř í k [16] . Phylogenetic analysis was performed using the same parameters as those described by Nov á kov á et al . [15] . Additional alignment characteristics are listed in the caption of Figure 2 . Sequences were deposited into the EMBL database under accession numbers listed in Table 1 and in Figure 2 in bold print.
Antifungal susceptibility testing
The in vitro antifungal drug susceptibility of the four Auxarthron clinical isolates was assessed by the disc diffusion method according to the following procedure. The isolates were grown on PCA until the mature ascospores were produced (4 -6 weeks). The inoculum was prepared as previously desribed by Hubka et al . [17] . A homogenous suspension, consisting mainly of ascospores, was adjusted spectrophotometrically at 530 nm by adding sterile water to obtain optical densities that ranged from 0.107 -0.114 (76.9 -78.2% transmittance).
Suspensions were applied to the surfaces of 90 mm agar plates by dipping a sterile swab into the suspension and streaking it across the surface of the plates in three directions. The plates were dried at ambient temperature for 20 min. Tablets (Rosco) were applied to the surface of the inoculated plates (three tablets per plate), which were then incubated at 25 ° C and read after 72 h. Amphotericin B, posaconazole, itraconazole and voriconazole tablets were tested on M ü eller Hinton agar (MHA; TRIOS) and the remaining tablets were tested on RPMI 1640 medium (TRIOS). Candida krusei ATCC 6258 and Paecilomyces variotii ATCC-MYA 3630 were used as quality control strains.
Results
Molecular analysis
Using blast similarity search, the ITS regions of the strains CCF 3835, 3968 and 4062 showed 99 -100% similarity to the ex-type strain of A. umbrinum UAMH 3952 (AY177309). The strain CCF 3968 had 1 bp difference in ITS1 region compared with the two other examined strains and the extype strain. Isolate CCF 4241, the ex-type of A. ostraviense , showed 95% similarity to A. umbrinum as the closest relative. No benA and RPB2 sequences have been deposited for members of the genus Auxarthron . 1 Our data showed that all A. umbrinum isolates had identical benA and RPB2 sequences. A. ostraviense was 94% similar to A. umbrinum based on the RPB2 sequence and 94% similar to A. umbrinum (HE974707) and A. thaxteri (HE974412) based on the benA sequence.
The taxonomic position of clinical isolates of Auxarthron was examined using sequence data from the ITS region (Fig. 2) . Additionally, partial benA and RPB2 genes were sequenced for the ex-type strains of morphologically similar homothallic taxa (Table 1) . For all three loci examined, isolates CCF 3835, 3968 and 4062 clustered with the ex-type strain of A. umbrinum CBS 105.09. Isolate CCF 4241 created a separate branch sister to A. umbrinum supporting the discovery of an undescribed species, proposed here under the name A. ostraviense . Sequence data also clearly indicated that A. conjugatum , A. thaxteri and A. umbrinum represent separate taxa although their position was questionable in the past.
Antifungal susceptibility testing
Drug susceptibility test results from the disc diffusion method are summarized in Table 2 . Zone diameter categories for the case isolates were assigned as susceptible (S) and resistant (R) according to the manufacturer ' s instructions (Supplementary Table 1 available online at http:// informahealthcare.com/doi/abs/10.3109/13693786.2013. 770608). All isolates tested showed similar antifungal susceptibility pattern that was shared between the isolates of A. umbrinum and A. ostraviense . All isolates were susceptible to clotrimazole and terbinafi ne, and showed resistance to a broad spectrum of other antifungals tested. (Fig. 3H) Supplementary Fig. 2 , available online at http://informahealthcare.com/doi/ abs/10.3109/13693786.2013.770608). Maximum growth temperature was 32 ° C, no growth was observed at 35 ° C. Tolerant to cycloheximide.
Micromorphology observed on PCA. Vegetative mycelium consists of hyaline and fi nally orange hyphae, smooth, septate 1.5 -3 μ m in diameter. Homothallic species, ascomata (Fig. 3A, E, I ; Fig. 4A ) solitary or in clusters, globose to subglobose, white at fi rst, becoming orange-brown at maturity, 300 -480 μ m diam excluding appendages. Peridial hyphae rough, thick-walled, orange-brown, septate, 2.5 -3.5 μ m wide, branched and anastomosed to form a reticuloperidium. Peridial hyphae terminated by spine-like or blunt prominences (Fig. 3F, Fig. 4B ), sometimes dichotomously branched. Appendages orange-brown, 350 -600 μ m long, connected to reticuloperidium by basal knuckle-joint ( Fig. 3F -arrow) , smooth, roughened at the beginning near the joint area, 2.8 -3.2 μ m wide at the middle, tapering toward the apices. Asci 8-spored (Fig. 3C) , globose, subglobose or pyriform 7.4 -8.7 ϫ 6.6 -7.7 μ m; ascospores (Fig. 3B, Fig. 4C ) oblate, light yellow 2.5 -3 μ m, appearing smooth by light microscopy and punctate with a central depression by SEM. Arthroconidial Malbranchea anamorph represented by one-celled cylindrical, hyaline to light yellow arthroconida formed from narrow hyphae, variable in size, 3.8 -12.6 ϫ 1.5 -2.5 μ m, terminal conidia pyriform (Fig. 3D) . Chlamydospore-like cells occasionally present consisting of chains of barrel-shaped, thick walled, light yellow cells, up to 3.5 μ m wide.
Etymology : adj. ostraviensis -e relating to the locality of isolation.
Holotype PRM 860535, a dried herbarium specimen; isotype: PRM 860536.
Ex-type culture : CCF 4241 T ( ϭ CBS 132919 T ), isolated from the fi ngernails of 26-year-old man, Ostrava, Czech Republic, Dr Stanislava Dobi á š ov á , 2012. Distinguishing features : The species has distinctive orange colonies (most notably on MEA, PDA, SGA) showing also orange to red reverse; pink to red diffusing pigment is often present. Characteristic is the combination of features involving rough peridial hyphae terminating by apices, presence of long peridial appendages and abundant occurrence of arthroconidal anamorph. In addition, small ascospores appearing smooth by light microscopy (magnifi cation 1000 -1600 ϫ ) make A. ostraviense distinguishable from other Auxarthron species. Somewhat similar morphology can be found in A. umbrinum (Fig. 5) , A. conjugatum and A. thaxteri . The ascospores of A. umbrinum and A. thaxteri appear roughened in light microscopy; however, those of A. conjugatum appear smooth to fi nely roughened. The orange colored reverse is not present in A. thaxteri . We did not observe Malbranchea anamorph in A. umbrinum isolates although it was observed by Currah [1] . Among mentioned species, only A. conjugatum is able to grow at 37 ° C (8 -12 mm after 14 d). A. umbrinum isolates grew restrictedly at 35 ° C (3 -8 mm after 14 d) in contrast to A. ostraviense which grows at maximum temperature 32 °C. Inoculated plates of A. umbrinum which were incubated 7 d at 37 ° C and then transferred into 25 ° C were able to grow in contrast to A. ostraviense plates.
Dichotomous key to the genus Auxarthron (modifi ed and supplemented according to Sol é et al . 
Discussion
The species within the genus Auxarthron create complex ascomata usually called gymnothecia that consist of thick-walled anastomosing hyphae (reticuloperidium) and that probably play a role in dispersal mediated by arthropods [19] . Such fruiting bodies are found in some closely related genera such as Arthroderm a and Gymnoascus , but morphologically similar ascomata also evolved independently in non-related genera such as Myxotrichum and Pseudogymnoascus from Leotiomycetes [20 -22] .
The genus Auxarthron is probably distributed worldwide and includes more than the 10 accepted species, two of which are heterothallic [18, 23, 24] . Arthroconidial anamorph Malbranchea is present in some species and is also found in several other genera within the Onygenales
